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Description 

Background of the invention 

[0001] This Invention relates to antennas to be used 
in electronic article surveillance (EAS) systems. 
[0002] U.S. patent 4,686,513, assigned to the sanne 
assignee hereof, discloses an EAS system in which a 
tag in an inten-ogation zone Is subjected to coded mes- 
sages which are transmitted into the zone by an antenna 
driven by a transmitter. These coded messages contain 
commands for the tag and a variety of commands can 
be used to invoice various actions by the tag. For exam- 
ple, one command may Instruct the tag to transmit a cod- 
ed alami message which can be received by the anten- 
na and coupled to a receiver. The receiver upon receipt 
of the alamn message can then activate an alarm to in- 
dicate that the tag is present in the zone. 
[0003] The *513 patent also discloses a number of 
techniques for isolating the intenrogation zone so that 
tags outside the zone are not subjected to the transmit- 
ted coded messages. One technique descn*bed Is to uti- 
lize an antenna arrangement comprising two facing an- 
tennas which are tumed on and off alternately and each 
of which transmits half of a coded message throughout 
the entire interrogation zone. In this way, tags within the 
intenrogation zone receive both halves of the coded 
message, i.e., the entire message and, therefore, can 
respond accordingly. Tags outside the zone, however, 
only receive one or the other half of the coded message 
and, hence, will not respond. 
[0004] While the aforesaid technique provides desir- 
able isolation of the inten'ogation zone, it also requires 
that each antenna operate at a power level sufficient to 
transmit its half message overthe entire zone. This pow- 
er requirement is a decided disadvantage and prevents 
the technique from being used in many applications. 
[0005] Most systems of the '513 patent type in use to- 
day employ a single antenna which transmits the entire 
coded message into the inten-ogation zone. When using 
such a single antenna, isolation of tiie zone and limiting 
the power used are generally realized by positioning the 
antenna appropriately and by limiting the size of the 
zone. 

[0006] However, recent demands to employ the '513 
patent system with inten-ogation zones of Increased 
size, have spurred efforts to modify the system to meet 
these demands. One suggested modification has been 
to utilize two opposing loop antennas to simultaneously 
transmit the same coded message in its entirety into 
complementary parts of the interrogation zone. This has 
the advantage of limiting the power required for each 
antenna which also tends to limit the transmission out- 
side the zone, including that occurring In the so-called 
"backfield". 

[0007] With such a two loop system, in order to ensure 
that the entire interrogation zone Is covered, a consid- 
erable degree of overiap of the zone parts covered by 



the transmissions from the two antennas occurs. In the 
overiap region, which is usually at tiie center of the in- 
terrogation zone, the transmissions from the two anten- 
nas tend to cancel each other. The result Is a null zone 

s which is devoid of coded message content. As can be 
appreciated, the presence of such a null zone is unde- 
sirable, since tags passing through the null zone will not 
be able to receive and respond to the transmitted mes- 
sages and will go undetected. 

10 [0008] Also, the transmissions from the proposed two 
loop antennas are not easily confinable to the desired 
zone parts and the loop antennas are themseh^es sub- 
ject to disturbances from outside the zone. Undesired 
coupling of the transmissions from the loop antennas to 

15 sun^ounding structures such as, for example, metal con« 
duits, support beams and door frames, additionally un- 
desirably enlarges ttie field outside the zone. This is es- 
pecially so for the field adjacent the lower part of the 
antennas, since the antennas are usually mounted in 

20 much closer proximity to the floor than to the ceiling. Fi- 
nally, the proposed antennas provide a limited transmis- 
sion field in the vertical direction which makes it difficult 
for tags positioned horizontally to respond to the anten- 
nas. 

25 [0009] Various multiple loop, symmetrical antenna 
sti^uctures are known which partially compensate for 
some of these effects. These known antenna structures 
tend to compensate primarily for so-called "far field" ef- 
fects, i.e., tend to enhance cancellation of antenna 

30 transmissions far from the antennas and to promote 
cancellation of disturbances in the antennas which orig- 
inate far from the antennas (see, for example, U.S. pat- 
ents 4,243.980, 4.751,516 and 4,135.183). However, 
these known antennas do not also compensate for the 

35 coupling and other undesirable effects discussed above 
with respect to the two loop antenna system. 
[001 0] US-A- 4 260 990 discloses an antenna accord- 
ing to the prior art portlnon of claim 1 . 

^ Sumnnary of the invention 

[001 1 1 The problem underiying the invention is to re- 
duce coupling of the transmitted signal or field to adja- 
cent stmctures and so as to improve the unifomnity and 

45 enhance the vertical field content of the transmitted sig- 
nal. This is realized by an antenna for use with an elec- 
tronic article surveillance system; said antenna compris- 
ing a plurality of loops being arranged to follow one an- 
other and being such that successive loops are of op- 

50 posite phase. The antenna loops are further formed 
such that one of tiie loops circumscribes an area which 
is less than the area circumscribed by each of the other 
of said plurality of loops. This results in reduced coupling 
with structures adjacent such loop. 

55 [001 2] Furthemnore. a pair of adjacent loops may be 
adapted to include first and second criss-crossed loop 
segments which join the adjacent loops and are at an 
angle relative to the horizontal to provide enhanced field 



3 



EP0829 921 B1 



4 



components in the vertical direction. Finally, each of the 
loops may be asymmetric relative to any horizontal line 
drawn through the loop so as to promote unlfonnity of 
the transmitted field. 

[0013] In the embodiment of the invention to be dis- 
closed hereinbelow, each antenna comprises first, sec- 
ond and third loops arranged in a common plane along 
the vertical direction. The second loop Is situated be- 
tween the first and third loops and the latter loop is sit- 
uated at the bottom of the antenna and has the smallest 
circumscribed area. Each antenna is adapted to be sit- 
uated closer to the floor than the ceiling and, hence, the 
presence of the smaller bottom loop reduces coupling 
to structures adjacent to the floor. The uppemriost or first 
loop of each antertna Is of smaller circumscribed area 
than the middle or second loop and the segments joining 
the upper or first and middle or second loops are at an 
inclined angle to provide enhanced field components in 
the vertical direction. 

Brief Description of the Drawings 

[0014] The above and other features and aspects of 
the present Invention will become more apparent upon 
reading the following detailed description in conjunction 
with the accompanying drawings, in which: 

FIG. 1 shows a block diagram of an EAS system 
employing an antenna system in accordance with 
the principles of the present invention; 
FIG. 2 shows the parts of the interrogation zone 
covered by the fields transmitted by the antennas 
of the EAS system of FIG. 1 ; and 
FIGS. 3A-3D show a configuration for an antenna 
designed in accordance with the invention and us- 
able with the system of FIG. 1 . 

Detaiied Description 

[0015] FIG. 1 shows an EAS system 1 of the typed 
described In the '513 patent The system 1 includes a 
transmitter 2 which develops a coded message signal 
having a preamble part and a command part which to- 
gether forni the entire message. The coded message 
signal is delivered by the transmitter 2 to a switch 5 
which, in turn, selectively couples the message signal 
to the antennas 3 and 4. 

[0016] A controller 6 of the type described in the '513 
patent controls the transmitter 2 and the switch 5. In con- 
trolling the transmitter 2, the controller 6 causes the 
transmitter 2 to generate different coded message sig- 
nals corresponding to different commands to be trans- 
mitted into an interrogation zone 7 between the anten- 
nas 3 and 4. 

[001 7] A tag 8 of the type described in the *51 3 patent, 
when in the zone 7, receives any coded message sig- 
nals transmitted therein, decodes the message signals 
and responds to the decoded message signals by taking 



the actions necessary to effect the particular commands 
contained in the messages. Thus, a decoded message 
may contain a command whteh requires the tag to turn 
on an acoustic sounder in the tag to bring attention to 
5 the tag and act as an alanm indicating that the tag is In 
the zone. 

[0018] A coded message might also contain a com- 
mand whrch causes the tag 8 to transmit an alanm mes- 
sage for receipt by the antennas 3 and 4 for coupling to 

10 a receiver 9. upon receipt of an alann message, the re- 
ceiver 9 addresses an alanm unit 11 which alamris to 
again indicate presence of the tag 8 in the zone 7. 
[0019] In order to limit the power level of the field or 
signal transmitted by each of the antennas 3 and 4, each 

IS antenna is driven so that its Output field containing the 
coded message signal covers only a portion or part of 
the zone 7. However, to ensure full coverage of the zone 
7, the zone parts covered by the respective antenna 
transmissions are such that there is a certain degree of 

20 overlap. This is depicted in FIG. 2, where the front field 
3A from the antenna 3 is shown as covering the zone 
part 7A of the zone 7 and the front field 4A of the antenna 
4 is shown as covering the zone part 7B of the zone 7. 
This results jn an overiap region 7C, i.e, the overiap be- 

25 tween zone parts 7A and 7B. 

[0020] The controller 6 controls the transmitter 2 and 
switch 5 such that the antennas 3 and 4 are alternately 
driven, i.e., alternately turned on and off. Thus, when 
antenna 3 is being driven by the transmitter 2 or is on, 

30 the antenna 4 is not being driven or is off. Likewise, 
when antenna 4 is being driven or Is on, the antenna 3 
Is not being driven or is off. 

[0021 J Furthermore, the controller 6 also controls the 
transmitter 2 such that the same coded message signal 

35 in its entirety is transmitted by the antennas in their suc- 
cessive driven or on states. Accordingly, with one of the 
antennas driven or on and the other not driven or off, a 
first coded message signal is transmitted by the on an- 
tenna. When the driving of the one antenna ceases and 

40 this antenna Is turned off, the other antenna is then driv- 
en or tumed on, and the first code message signal In its 
entirety is again transmitted this time by the other an- 
tenna. 

[0022] As a result of this control, each encoded mes- 
45 sage signal is first transmitted In its entirety into one of 
the zone parts 7A or 78 of the zone 7 and, thereafter, 
the same encoded message signal is transmitted in its 
entirety into the other one of the zone parts 7A or 78 of 
the zone 7. The tag 8 in the zone 7 will thus be able to 
50 receive an entire coded message signal regardless of 
the location of the tag in the zone 
[0023] The above is tme even if the tag 8 is located 
in the overiap region 7C, since the two transmissions 
from the antennas 3 and 4 are not present in the overiap 
55 region together and, hence, will not cancel one another. 
Thus, with the system of FIG. 1 , by altemately operating 
the antennas 3 and 4 and transmitting the same entire 
coded message signal during the operation of each an- 
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tenna, cancellation effects of the two antennas In the 
zone 7 are avoided. Furthemiore, the system can now 
operate at reduced power while still covering the entire 
zone 7. 

[0024] The antennas 3 and 4 of the EAS system 1 are s 
designed so as to reduce coupling of the transmitted sig- 
nal or field to adjacent structures, as well as to increase 
the vertical field content and the unifomriity of the trans- 
mitted field. This is accomplished by configuring each 
antenna as a multiple loop structure In which successive io 
loops are of opposite phase and In which the loops are 
of different circumscribed area and asymmetrical with 
respect to a given axis or line (or axes or lines parallel 
to the given axis or line) through each loop. 
* [0025] FIGS. 3A-3D shows such an antenna stmcture 15 
31 which can be used for each of the antennas 3 and 4. 
As illustrated, the antenna 31 comprises a continuous 
coil f omied into three loops 31 A, 31 B and 31 C by twist- 
ing so that successive loops are of opposite phase, i.e., 
ISC'* out-of-phase with each other. FIG. 3A shows the 20 
loops together fonning the antenna. FIGS. 3B-3D, pro- 
vided for explanation purposes only, show the loops in- 
dividually so as to be able to indicate representative loop 
dimensions. 

[0026] As shown, the loops 31 A, 318, 31 C are in a 25 
common plane and extend in the vertical direction. The 
upper loop 31 A includes a horizontal segment 32, two 
vertical segments 33 and 34 and two inclined segments 
35 and 36 which extend to a first cross-over point 31 D 
and are at an acute angle a with respect to the vertical 30 
direction. The middle loop 318 also includes two upper 
inclined segments 38 and 37 which continue from the 
inclined segments 35 and 36, respectively, but are at a 
different acute angle B relative to the vertical. These in- 
clined segments are followed by two vertical segments 35 
39 and 41 which, in turn, are followed by two further in- 
clined segments 42 and 43 which are inclined to the ver- 
tical to a greater degree than the segments 37 and 38. 
[0027] The segments 42 and 43 lead to a second 
cross-over point 31 E. The lower loop 31 C follows from 40 
the cross-over point 31 E and Includes inclined seg- 
ments 45 and 44 which extend from the segments 42 
and 43 of the middle loop 31 A and are at the same acute 
angle 6 to the vertical. These segments are followed by 
vertical segments 46 and 47 and a horizontal segment 
48 which connects the vertical segments. 
[0028] With the loops 31 A. 31 8 and 31 C configured 
as shown, the area circumscribed by the segments of 
the lower loop 31 C is smaller than the areas circum- 
scribed by the segments of each of the other two loops so 
31 A and 318. Furthermore, the area circumscribed by 
the segments of the upper loop 31 A is smaller than the 
area circumscribed by the segments of the middle loop 
31 B, which has the largest circumscribed area. Also, as 
can be appreciated, each of the loops 31 A, 31 8 and 31 C 55 
is asymmetrical with respect to a horizontal axis or hor- 
izontal line drawn anywhere across each loop. 
[0029] As a result of the above configuration for the 



antenna 31 , the antenna is found to provide a more uni- 
form transmitted field or signal. Furthemnore, the lower 
loop 31C is found to significantly reduce coupling to 
structures contained in or adjacent to the floor when the 
antenna is mounted close to the floor. This occurs due 
to the small area of the loop. 
[0030] The antenna 31 is also found to result in sub- 
stantial field components in the vertical direction. This 
is due to the relatively long inclined segments connect- 
ing the upper and middle loops 31 A and 318. It is also 
due to the shorter inclined segments connecting the 
middle and lower loops 31 8 and 31 C. 
[0031] It should also be noted that relationships be- 
tween the loop segments of the illustrative antenna 31 
of F»GS. 3A-3D are as follows: (a) the two segments of i 
each of the following pairs of segments are substantially 
of equal length: 32,48; 33,34; 35,36; 37,38; 39,41; 
42,43; 44,45; and 46, 47; (b) the acute angle 8 is less 
than the acute angle a and these angles are each rela- 
tively small, I.e., less than about 45'; (c) the vertical seg- 
ments 33 and 34 have lengths equal to the vertical dis- 
tance covered by each of the segment pairs 46, 46 and 
44, 47; (d) the vertical distance covered by each of the 
segment pairs 35, 37 and 36, 38 is moderately large rel- 
ative to the overall length of the antenna and the seg- 
ments 35 and 36 are of shorter length than the segments 
38, 37; (e) the vertical distance covered by each of the 
segments 37 and 38 Is equal to the vertical distance cov- 
ered by each of the segment pairs 41 , 43 and 39, 42; (f) 
the acute angle 9 made by each of the segments 42, 43, 
44 and 45 with respect to the vertical is substantially 
greater than a or 8 and also less than about 45*; (g) the 
vertical distance covered by each of the segments 42, 
43, 44 and 45 Is small relative to the entire vertical length 
of the antenna and each segment is of substantially 
equal length. 

[0032] it should also be noted that the antenna 31 of 
FIG. 3 with dimensions as shown was designed for use 
with inten-ogation zones of 3 and 6 foot (1 foot = 0.3048 
m) widths. However, the antenna can also be used with 
zones of other widths as well. 
[0033] Finally, the antenna 31 of FIG. 3 can be used 
with systems which operate other than as described 
above for the system 1 and can be employed alone or 
with an opposing antenna of the same or other config- 
uration. Likewise, the system 1 operating as described 
above, need not employ antennas configured as anten- 
na 31 but can employ other antenna configurations. Al- 
so, as disclosed, the antennas 3 and 4 of the system of 
FIG. 1 function as transceivers. However, the system 1 
can employ separate receiver antennas and the anten- 
nas 3 and 4 are then used only as transmitting antennas. 
[0034] In ail cases it is understood that the above-de- 
scribed arrangements are merely illustrative of the many 
possible specific embodiments which represent appli- 
cations of the present invention. Numerous and varied 
other arrangements, can be readily devised in accord- 
ance with the principles of the present invention within 
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the scope of the Invention as defined by the claims. 



Clainns 

1 . An antenna for use with an electronic article surveil- 
lance system, said antenna comprising: 

a plurality of loops (31 A, 31 B, 31 C), said plu- 
rality of loops being arranged to follow one another 
and being such that successive loops are of oppo- 
site phase, characterized In that one (31 C) of said 
plurality of loops circumscribing an area which is 
less than the area circumscribed by each of the oth- 
er of said plurality of loops. 

« 

2. An antenna In accordance with claim 1 wherein: 

said plurality of loops (31 A, 31 B, 31 C) are ar- 
ranged one after the other along a common axis and 
are coplanar 

3. An antenna in accordance with claim 2 wherein: 

said antenna has first, second and third loops 
(31 A, 31 B, 31 C), said second loop (31 B) being sit- 
uated between said first (31 A) and third loops 
(31C). 

4. An antenna in accordance with claim 3 wherein: 

said one loop is said third loop (31 C); 
and said first loop (31 A) circumscribes an area 
which is less than the area circumscribed by 
said second loop (31 B). 

5. An antenna in accordance with claim 4 wherein: 

said first loop (31 A) Includes: a first horizontal 
loop segment (32); second and third vertical 
loop segments (33, 34) extending from oppo- 
site ends of said first horizontal loop segment; 
fourth and fifth loop segments (35, 36), said 
fourth loop segment (35) extending from said 
second loop segment (33) at an acute angle (a) 
relative to the vertical direction of said third loop 
segment (34), said fifth loop segment (36) ex- 
tending from said third loop segment (34) at a 
acute angle (a) relative to the vertical direction 
of said second loop segment (33), said fourth 
and fifth loop segments (35, 36) extending to a 
first intersection point (31 D); 
said second loop (31 B) includes: sixth and sev- 
enth loop segments (38, 37), said sixth loop 
(38) segment extending from said fourth loop 
segment (35) and being inclined at an acute an- 
gle (p) relative to the vertical and said seventh 
loop segment (37) extending from said fifth loop 
segment (36) and being inclined at an acute an- 
gle (P) relative to the vertical; eighth and ninth 
vertical loop segments (39, 41) extending from 



said sixth and seventh loop segments (38, 37), 
respectively; tenth and eleventh loop segments 
(42, 43), said tenth loop segment (42) extend- 
ing from said eighth loop segment (39) and be- 
s ing inclined at an acute angle (9) relative to the 

vertical direction of said eighth loop segment 
(39), said eleventh loop segment (43) extend- 
ing from said ninth loop segment (41 ) and being 
inclined at an acute angle (9) relative to the ver- 
10 tical direction of said eighth loop segment (39), 

said tenth and eleventh loop segments extend- 
ing to a second Intersection point (31 E); 
said third loop includes: twelfth and thirteenth 
loop segments (44, 45), said twelfth loop seg- 
*5 ment (44) extending from said eleventh lodp 

segment (43) and being Inclined at an acute an- 
gle (0) relative to the vertical and said thirteenth 
loop segment (45) extending from said tenth 
loop segment (42) and being inclined at an 
20 acute angle (9) relative to the vertical; four- 

teenth and fifteenth loop segments (47, 46) ex- 
tending vertically from said twelfth and the thir- 
teenth loop segments (44, 45), respectively; 
and a sixteenth loop segment (48) extending 
25 horizontally between said fourteenth and fif- 

teenth loop segments (47, 46). 

6. An antenna in accordance with claim 5 wherein: 

30 the acute angle (a) made by each of said fourth 

and fifth ! loop segments relative to the vertical 
is at a first angle; 

and the acute angle (P) made by each of said 
sixth and seventh loop segments relative to the 
35 vertical is at a second j angle different from said 

first angle. 

7. An antenna in accordance with claim 6 wherein: 

said second angle (P) is smaller than said first 
40 angle (a). 

8. An antenna in accordance with claim 7 wherein: 

the acute angle (9) made by each of said 
tenth, eleventh, twelfth and thirteenth loop seg- 
45 ments is greater than said first angle (a). 

9. An antenna in accordance with any one of claims 7 
or 8 wherein: 

so said first and second angles (a, P) are each less 

than about 45''; 

and the acute angle (9) made by each of said 
tenth, eleventh, twelfth and thirteenth loop seg- 
ments is substantially greater than each of said 
55 first and second angles (gc, p) and less than 

about 45"*. 

10. An antenna In accordance with claim 5 wherein: 
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the vertical length covered by the fourth and 
sixth loop segments (35. 38) and the fifth and sev- 
enth loop segments (36, 37) is moderately large rel- 
ative to the overall vertical length of said first, sec- 
ond and third loops (31 A. 31 B, 31 C). 5 



11. An antenna In accordance with claim 10 wherein: 
the vertical length covered by the eleventh 
and twelfth loop segments (43, 44) and the tenth 
and thirteenth loop segments (42, 45) is small rela- 
tive to the overall vertical length of said first, second 
and third loops (31A, 31B. 31C). 



10 



12. An antenna in accordance with claim 4 wherein: 

each adjacent pair of said first, second and 
third loops together include first and second 
crossed looped segments which connect said adja- 
cent pair of loops. 



13. An antenna in accordance with claim 4 wherein: 20 

each of said first, second and third loops is 
asymmetric relative to a horizontal line drawn any- 
where through said loop. 

14. An antenna in accordance with claim 1 wherein: 25 

an adjacent pair of said plurality of loops to- 
gether include first and second criss-crossed 
looped segments which connect said adjacent pair 

of loops. 

30 

15. An antenna in accordance with claims any one of 
5, 12 or 14 wherein: 

said antenna is fonned from a continuous ca- 
ble which is criss-crossed to define said loops. 

35 

16. An antenna in accordance with claim 1 wherein: 

each of said loops is asymmetric relative to a 
given horizontal line or any line parallel to said given 
horizontal line drawn through said loop. 

40 

PatentansprOche 

1 . Antenne zur Verwendung mit einem elektronischen 
Arttkelsicherungssystem, wobel die Antenne fol- ^ 
gendes umfal^: 

mehrereSchleifen (31 A, 31 B, 31 C), wobei die 
mehreren Schleifen so angeordnet slnd, daB sie 
einander folgen, und so beschaffen sind. daB auf- 
einanderfolgende Schleifen eine entgegengesetzte so 
Phase aufweisen, dadurch gel<ennzeichnet, daB ei- 
ne (31 C) der mehreren Schleifen eine Flache um- 
schreibt, die kleiner als die Flache ist, die von jeder 
anderen der mehreren Schleifen umschrieben wird. 

55 

2. Antenne nach Anspruch 1 , wobei: 

die mehreren Schleifen (31 A, 31 B, 31 C) 
nachelnander entlang einer gemeinsamen Achse 



angeordnet slnd und in derselben Ebene liegen. 

3. Antenne nach Anspruch 2, wobei: 

die Antenne eine erste, eine zweite und eine 
dritte Schleife (31 A, 31 B, 31 C) aufweist, wobei sich 
die zweite Schleife (31 B) zwischen der ersten (31 A) 
und der dritten (31 C) Schleife befindet. 

4. Antenne nach Anspruch 3, wobei: 

die eine Schleife die dritte Schleife (31 C) ist; 
und die erste Schleife (31 A) eine Flache um- 
schreibt, die kleiner als die Flache ist, die von 
derzweiten Schleife (31 B) umschrieben wird. 

5. Antenne nach Anspruch 4, wobei: 

die erste Schleife (31 A) folgendes enthalt: ein 
erstes horizontales Schleifensegment (32); ein 
zweites und ein drittes vertikales Schleifenseg- 
ment (33, 34), die sich von entgegengesetzten 
Enden des ersten horizontalen Schleifenseg- 
ments aus erstrekken; ein viertes und ein funf- 
tes Schleifensegment (35. 36). wobei sich das 
vierte Schleifensegment (35) relativ zu der ver- 
tikalen Richtung des dritten Schleifensegments 
(34) in einem spitzen Winkel (a) von dem zwel- 
ten Schleifensegment (33) erstreckt, wobei 
sich das f unfte Schleifensegment (36) relativ zu 
dervertikalen Richtung deszweiten Schleifen- 
segments (33) in einem spitzen Winkel (a) von 
dem dritten Schleifensegment (34) erstreckt, 
wobei sbh das vierte und das funfte Schleifen- 
segment (35. 36) zu einem ersten Schnittpunkt 
(31D)erstrecken; 

wobel die zweite Schleife (31 B) folgendes ent- 
halt: ein sechstes und ein siebtes Schleifenseg- 
ment (38, 37), wobel sich das sechste Schlei- 
fensegment (38) von dem vierten Schleifen- 
segment (35) erstreckt und relativ zu der Verti- 
kalen in einem spitzen Winkel (p) geneigt ist, 
und sich das siebte Schleifensegment (37) von 
dem funften Schleifensegment (36) erstreckt 
und relativ zu der Vertikalen in einem spitzen 
Winkel (p) geneigt ist; ein achtes und ein neun- 
tes vertikales Schleifensegment (39, 41), die 
sich von dem sechsten bzw. dem siebten 
Schleifensegment (38. 37) erstrecken; ein 
zehntes und ein elftes Schleifensegment (42, 
43), wobei sich das zehnte Schleifensegment 
(42) von dem achten Schleifensegment (39) er- 
streckt und relativ zu der vertikalen Richtung 
des achten Schleifensegments (39) in einem 
spitzen Winkel (G) geneigt ist, wobei sich das 
elfte Schleifensegment (43) von dem neunten 
Schleifensegment (41) erstreckt und relativ zu 
der vertikalen Richtung des achten Schleifen- 
segments (39) In einem spitzen Winkel (9) ge- 
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neigt ist, wobel sich das zehnte und das elfte 
Schleifensegment zu einem zweiten Schnitl- 
punkt (31 E) erstrecken; 
wobei die dritte Schleife folgendes enthalt: ein 
zwdlftes und ein drelzehntes Schleifensegnnent 5 
(44, 45), wobei sich das zwdtfte Schieifenseg- 
ment (44) von dem elften Schleifensegnnent 
(43) erstreckt und relativ zu der Vertikalen in ei- 
nem spitzen Winl<e( (6) geneigt Ist, und sich das 
dreizehnte Schleifensegment (45) von dem io 
zehnten Schleifensegment (42) erstreckt und 
relativ zu der Vertikalen in einem spitzen Winkel 
(G) geneigt ist; ein vierzehntes und ein funf- 
zehntes Schleifensegment (47, 46), die sich 
vertikal von dem zwolften bzw. dem dreizehn- is 
ten Schleifensegment (44, 45) erstrecken; und 
ein sechzehntes Schleifensegment (48), das 
sich horizontal zwischen dem vierzehnten und 
dem fiinfzehnten Schleifensegment (47, 46) er- 
streckt. 20 

6. Antenne nach Anspruch 5, wobei: 

der von dem vierten und von dem fiinften 
Schleifensegment relativ zu der Vertikalen ein- 25 
genommene spitze Winkel (a) auf einem ersten 
Winkelwert tiegt; 

und der von dem sechsten und von dem sieb- 
ten Schleifensegment relativ zu der Vertikalen 
eingenommene spitze Winkel (P) auf einem 30 
zweiten Winkelwert liegt, der von dem ersten 
Winkelwert verschieden ist 

7. Antenne nach Anspruch 6, wobei: 

der zweite Winkel (p) kleiner als der erste 35 
Winkel (a) Ist. 

8. Antenne nach Anspruch 7, wobei: 

der von dem zehnten, dem elften, dem zwolf- 
ten und dem dreizehnten Schleifensegment einge- 40 
nommene spitze Winkel (G) gr6(3er als der erste 
Winkel (a) ist. 

9. Antenne nach Anspruch 7 oder 8, wobei: 

der erste und der zweite Winkel (a, P) Jewells 45 
kleiner als etwa 45* sind und der von dem zehnten. 
dem etften, dem zwolften und dem dreizehnten 
Schleifensegment eingenommene spitze Winkel 
(G) Jewells im wesentiichen groBer als der erste und 
der zwerte Winkel (a, p) und kleiner als etwa 45'' Ist. so 

10. Antenne nach Anspruch 5, wobei: 

die von dem vierten und dem sechsten Schlei- 
fensegment (35, 38) und dem funften und dem sieb- 
ten Schleifensegment (36, 37) abgedeckte vertikale ss 
Lange relativ zu der gesamten vertikalen Lange der 
ersten, der zweiten und der dritten Schleife (31 A, 
31 B, 31 C) maBIg groBlst. 



11. Antenne nach Anspruch 10, wobei: 

die von dem elften und dem zwolften Schlei- 
fensegment (43, 44) und dem zehnten und dem 
dreizehnten Schleifensegment (42, 45) abgedeckte 
vertikale Lange relativ zu der gesamten vertikalen 
Lange der ersten, der zweiten und der dritten 
Schleife (31 A. 31 B. 31 C) klein ist. 

12. Antenne nach Anspruch 4, wobel: 

jedes benachbarte Paarder ersten, der zwei- 
ten und der dritten Schleife zusammen ein erstes 
und ein zweltes Qbericreuztes geschleiftes Segment 
enthalt, die das benachbarte Rear Schleifen verbin- 
den. 

« 

13. Antenne nach Anspruch 4, wobei: 

die erste, die zweite und die dritte Schleife Je- 
wells relativ zu einer an einem beliebigen Punkt 
durch die Schleife gezeichneten horizontalen Linie 
asymmetrisch sind. 

14. Antenne nach Anspruch 1, wobei: 

ein benachbartes Paar dermehreren Schlei- 
fen zusammen ein erstes und ein zweites iiber 
Kreuz gefOhrtes geschleiftes Segment enthalt, die 
das benachbarte Paar von Schleifen verblnden. 

1 5. Antenne nach einem der Anspruche 5, 12 oder 1 4, 
wobei: 

die Antenne aus einem fortlaufenden Kabel 
gebildet wird, das uber Kreuz gefuhrt wird, um die 
Schleifen zu definieren. 

16. Antenne nach Anspruch 1 , wobei: 

Jede der Schleifen relathf zu einer gegebenen 
horizontalen Linie oder einer beliebigen Parallelen 
zu der gegebenen horizontalen Linie, die durch die 
Schleife gezeichnet wird. asymmetrisch ist. 



Revendfcatfons 

1 . Antenne destlnee h une utilisation avec un systeme 
de surveillance electronique d'articles. iadite anten- 
ne comprenant : 

une pluralite de boucles (31A, 31B, 31C), Ia- 
dite pluralite de boucles etant agenceespourse sui- 
vre ies unes les autres et etant telies que des bou- 
cles successives sont de phase opposde, caracte- 
ris6e en ce que I'une (31 C) de Iadite plurality de 
boucles drconscrivant une surface qui est inferieu- 
re k la surface circonscrite par chacune de I'autre 
de Iadite plurality de boucles. 

2. Antenne selon la revendfcation 1 , dans laquelle : 

Iadite pluralite de boucles (31 A, 31 B, 31 C) 
sont agencees les unes apres les autres le long d'un 
axe commun et sont coplanaires. 
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3. Antenne selon la revendication 2, dans laquelle : 

ladite antenne comporte des premiere, se- 
conde et trolsieme boucles (31 A, 31 B, 31 C), ladite 
seconde boucle (31 B) etant situee entre ladite pre- 
miere boude (31 A) et ladite troisi&me boucle (31 C). s 

4. Antenne selon la revendication 3, dans laquelle : 

ladite une boucle est ladite troisidme boucle 
(31 C), 10 
et ladite premi&re boucle (31A) circonscrit une 
surface qui est inf^rieure d la surface circons- 
crite par ladite seconde boucle (31 B). 

5. Antenne selon la revendication 4, dans laquelle : is 

ladite premiere boucle (31 A) comprend: un 
premier segment de boucle horizontal (32), des 
second et troisidme segments de boucle verti- 
caux (33, 34) s'6tendant k partir des extr6mit6s 20 
oppos^es dudit premier segment de boucle ho- 
rizontal, des quatrieme et cinquieme segments 
de boucle (35, 36), ledit quatrieme segment de 
boucle (35) s'etendant h partir dudit second 
segment de boucle (33) suivant un angle algu 2S 
(a) par rapport k la direction verticale dudit troi- 
si^me segment de boucle (34), ledit cinquieme 
segment de boucle (36) s'etendant h partir du- 
dit troisi&me segment de boucle (34) suivant un 
angle aigu (a) par rapport k la direction vertica- so 
le dudit second segment de boucle (33), tesdits 
quatri&me et cinqui&me segments de boucle 
(35, 36) s'etendant vers un premier point d'ln- 
tersection (31 D), 

ladite seconde boucle (31 B) comprenant : des 35 
sixi^e et septi^me segments de boucle (38, 
37), ledit sixieme segment de boucle (38) 
s'etendant k partir dudit quatrieme segment de 
boucle (35) et 6tant incline suivant un angle 
aigu (p) par rapport k la vertbale et ledit sep- 40 
tifeme segment de boucle (37) s'6tendant k par- 
tir dudit cinquieme segment de boucle (36) et 
6tant incline suivant un angle aigu (p) par rap- 
port a la verticale, des huitieme et neuvi^me 
segments de boucle vertlcaux (39, 41 ) s'^ten- 4S 
dant k partir desdits sixieme et septieme seg* 
ments de boucle (38, 37), respectivement, des 
dixieme et onzl^me segments de boucle (42, 
43), ledit dixieme segment de boucle (42) 
s'etendant k partir dudit huitieme segment de so 
boucle (39) et etant incline suivant un angle 
aigu (6) par rapport k la direction verticale dudit 
huitieme segment de boucle (39), ledit onzieme 
segment de boucle (43) s'etendant a partir du- 
dit neuvidme segment de boucle (41) et etant ss 
incline suivant un angle aigu (8) par rapport a 
la direction verticale dudit huitieme segment de 
boucle (39), lesdits dixieme et onzieme seg- 



ments de boucle s'etendant vers un second 
point d'intersection (31 E), 
ladite troisieme boucle comprend : des douzie- 
me et treizieme segments de boucle (44, 45), 
ledit douzieme segment de boucle (44) s'eten- 
dant k partir dudit onzieme segment de boucle 
(43) et etant incline suivant un angle aigu (6) 
par rapport k la verticale et ledit treizieme seg- 
ment de boucle (45) s'etendant a partir dudit 
dixieme segment de boucle (42) et etant incline 
suivant un angle aigu (G) par rapport k la verti- 
cale, des quatorzleme et quinzieme segments 
de boucle (47, 46) s'etendant verticalement a 
partir desdits douzieme et treizieme segments 
de boucle (44, 45) respectivement, et un sel- 
zieme segment de boucle (48) s'etendant hori- 
zontalement entre lesdits quatorzidme et quin- 
zieme segments de boucle (47, 46). 

6. Antenne selon la revendication 6, dans laquelle : 

Tangle aigu (a) fait par chacun desdits quatrie- 
me et cinquieme segments de boucle par rap- 
port k la verticale est suivant un premier angle, 
et I'angle aigu (p) fait par chacun desdits sixie- 
me et septieme segments de boucle par rap- 
port k la verticale est suivant un second angle 
different dudit premier angle. 

7. Antenne selon la revendication 6, dans laquelle : 

ledit second angle (P) est plus petit que ledit 
premier angle (a). 

8. Antenne selon la revendication 7, dans laquelle : 

I'angle algu (6) fait par chacun desdits dixie- 
me, onzieme, douzieme et treizieme segments de 
boucle est superieur audit premier angle (a). 

9. Antenne selon I'une quelconque des revendications 
7 ou 8, dans laquelle : 

lesdits premier et second angles (a, p) sent 
chacun inferieurs k environ 45*, 
et I'angle aigu (8) fait par chacun desdits dixie- 
me, onzieme, douzieme et treizieme segments 
de boucle est tres superieur k chacun desdits 
premier et second angles (ot, P) et inferieur k 
environ 45**, 

10. Antenne selon la revendication 5, dans laquelle : 

la longueur verticale couverte par les quatrie- 
me et sixieme segments de boucle (35, 38) et les 
cinquieme et septieme segments de boucle (36, 37) 
est moderement grande par rapport k la longueur 
verticale totale desdites premiere, seconde et troi- 
sieme boucles (31 A, 31 B, 31 C). 

11. Antenne selon la revendication 10, dans laquelle : 
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la longueur verticale couverte par les onzifeme 
et douzifeme segments de boucle (43, 44) et les 
dixleme et treizldme segments de boucle (42, 45) 
est petite par rapport k la longueur verticale totale 
desdites premiere, seconde et troisi^e boucles s 
(31 A, 31B,31C). 

12. Antenne selon la revendication 4, dans laquelle : 

chaque paire adjacente desdites premifere, 
seconde et troisieme boucles comprennent ensem- io 
ble des premier et second segments en boucle croi- 
s6s qui relient ladlte paire adjacente de boucles. 

13. Antenne selon la revendication 4, dans laquelle : 

chacune desdites premiere, seconde et troi- is « 
sieme boucles est asym^trique par rapport k une 
ligne horizontale trac6e quelque part en travers de 
ladite boucle. 

14. Antenne selon la revendication 1, dans laquelle : 

une paire adjacente de ladite plurality de bou- 
cles comprennent ensemble des premier et second 
segments en boucle entrecroisds qui relient ladite 
paire adjacente de boucles. 

15. Antenne selon I'une quelconque des revendications 
5, 12 ou 14, dans laquelle : 

ladite antenne est formee k partir d'un ckb\e 
continu qui est entrecroisd pour definir lesdites bou- 
cles. 

16. Antenne selon la revendication 1, dans laquelle : 

chacune desdites boucles est asymitrique 
par rapport k une ligne horizontale donn^e ou une 
ligne quelconque parall&le a ladite ligne horizontale 35 
donn^ trac^e en travers ladite boucle. 



40 



45 



50 



55 



25 



9 



EP 0 829 921 B1 




10 



EP 0 829 921 B1 




